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$\ell u+(u\cdot\nabla)u$ $=$ $-\nabla p$ , (2)
$\nabla\cdot u$ $=$ 0 (3)
$t=0$
$\psi$0 $(oe)=\cos x_{1}+\cos 2x_{2}$ (4)
$t=0$ $\delta(t)$ $t=0$
1


















$tarrow 0$ $\psi(x, t)$ $t$
$\psi(x, t)=\sum_{n=0}^{\infty}\psi_{n}$ (oe) $t^{n}$ . (5)
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1: ( ) 90 $\sum_{k\leq|k|<k+1}$ |\^u (k, t)|
$64^{2},128^{2}$ $\Delta t=2\mathrm{x}10^{-11},5\mathrm{x}10^{-6}$
(4 ) kma 2/3 ( )
$\delta(t)$ $(2\cross 10^{-10}\leq t\leq 7.3\cross 10^{-}1)$
\psi 0\Leftarrow )( (4)) (5)
$\partial_{t}\nabla^{2}\psi=J(\psi, \nabla^{2}\psi)$ (6)
[ $\psi_{n}$ (x) $J$ ( f, $g$ ) $=(\partial f/\partial x_{1})(\partial g/\partial x_{2})-$
$(\partial f/\partial x_{2})(\partial g/\partial x_{1})$
$0$
$\nabla^{2}\psi_{n+}1$ $= \frac{1}{n+1}\sum_{f=0}^{n}J(\psi_{r}, \nabla^{2}\psi J_{n-r})$ $(7)$
(5) $n$ $tarrow 0$
$|y|arrow\infty$ $\psi_{n}$ (oe)
$\psi(x, t)=\sum_{n=0}^{\infty}\sum_{k}\hat{\psi}_{n}(k)e^{ik\cdot x}t^{n}$ . (8)
oe $z=oe+iy$
$\psi$ (z, $t$ ) $= \psi(x+iy, t)=\sum_{n=0}^{\infty}\sum_{k}\hat{\psi}_{n}(k)e^{-k\cdot y}e^{ik\cdot oe}t^{n}$ . (9)
$|y|arrow\infty$ $y\iotaarrow+\infty_{\dot{r}}y_{2}arrow+\infty$
(9) $k_{1}\leq 0$ $k_{2}\leq 0$
(7)
$\psi_{0}(z)\simeq(e^{-iz\iota}+e^{-2i\approx_{2}})/2$ $\psi_{n}$
$\psi_{n}(z)\simeq\sum_{j=0}^{n+1}$ \psi ^r\iota (kn(j))e-i 2l+2(n+l-j)z’1(10)
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$(\tilde{z}_{1},\tilde{z}2)=$ ( $z_{1}+$ ilnt, $z_{2}+(i/2)\ln t$) (12)
$\eta/J$ (Z, $t$ ) $\simeq\frac{1}{t}[\frac{1}{2}(e^{-i\tilde{z}_{1}}+e^{-2i\tilde{z}_{2}})+\sum_{n=1}^{\infty}\sum_{j=0}^{n+1}\hat{\psi}_{n}$(k$n$(
$j$ )) $e-i$U$\overline{z}1+2(n+1-j)\overline{z}$2] $] \equiv\frac{1}{t}F(\tilde{z})$ . (13)
(12) (11) $\delta(t)\propto$
$\ln(1/t)$
$\tilde{z}_{*}$ $F(\tilde{z})$ $z=$ ( $\tilde{z}_{1\star}$ -ilnt, $\tilde{z}_{2\star}-(i/2)1$nt)
$z$
$\delta(t)=\sqrt{({\rm Im} z_{1*})+(\mathrm{I}111z_{2*})}\mathrm{x}1_{\mathrm{I}1}(1/t)(tarrow 0)$ ( $tarrow 0$ ${\rm Im}\tilde{z}_{1},$ $\mathrm{I}\mathrm{n}\iota\tilde{z}_{2}$
)
2
$?/J$ (z, $t$ ) $=$ $\frac{1}{t}F(\tilde{z})$ , (14)
$\tilde{z}$ $=$ $(\tilde{z}_{1},\tilde{z}_{2})=(z_{1}+i\ln t,$ $z_{2}+ \frac{i}{2}\ln t)$ (15)
$t,\tilde{z}_{1},$ $z$\tilde 2 2 $F$
$(-1+i \frac{\partial}{\partial\tilde{z}_{1}}+\frac{i}{2}\frac{\partial}{\partial\tilde{z}_{2}})\tilde{\nabla}^{2}F=\tilde{J}(F,\tilde{\nabla}^{2}F)$ (16)
. $\tilde{\nabla}=(\partial/\partial\tilde{z}_{1}, \partial/\partial\tilde{z}_{2})$ $\tilde{J}(f, g)=(\partial f/\partial\tilde{z}_{1})(\partial g/\partial\tilde{z}_{2})-(\partial f/\partial\tilde{z}_{2})(\partial g/\partial\tilde{z}_{1})$
$1/t^{2}$ (16) $t$





2: $(k_{1}, k_{2})$ (19) $\hat{F}$ (k)













$\psi_{n}$ (7) $\hat{F}$ (k)
$\hat{F}(k)=\frac{2}{(2k_{1}+k_{2}+2)|k|^{2}}\sum 0$ $\sum 0|$k-q$|^{2}(q\Lambda k)\hat{F}(q)\hat{F}(k-q)$ , (19)
$q_{1}=k1$ $q_{2}=k2$
$k\wedge k’=k_{1}k_{2}’-k_{2}k$ \sigma $\hat{F}$ $($ -1, $0)=1/2,\hat{F}(0, -2)=1/2$
$\hat{F}$ (k) 2 (
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0 $\sim$ 6 8 1 12 0 2 8 12 1
$K$ $K$
3: (a) 15 ( ) 35 (19) $(20)_{\text{ }}$ (b)35
(19) (20)
3 $3(\mathrm{a})$ 15 ( ) (19)
35 35
( (b)) 35 $|k|=1100$
$A_{K}^{(F)}$ (1)






$\pi\leq\theta\leq 3\pi/2$ 50 $\Delta\theta=\pi/100$ \hslash ‘ $|\hat{F}|$
4 $|\hat{F}$ (k)| $\mathrm{c}\exp(-\delta(\theta)|k|)$
$\delta(\theta)$
$\theta$ 4
0.0065 $\min_{\theta}\delta(\theta)$ $\theta_{\star}$ $\theta_{\star}=1.324\pi$
$\theta_{\star}$ $n$
$|\hat{F}_{n}(k_{n}^{(j)})|$ ( (17))












10 $\cdot$ $()$ . .. .
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11.1 1.2 1.3 1.4 1.5
$n$
4:( ) $|\hat{F}$ ( k)| ( ) $(k_{1}, k_{2})$ $\theta$ $|\hat{F}(k)|\propto$
$\exp(-\delta(\theta)|k|)$ \mbox{\boldmath $\delta$}(\mbox{\boldmath $\theta$})
$y=(y_{1}, y_{2})=(0,0)$
$\omega(x_{1_{\grave{r}}}x2)$ 5 $\mathrm{c}$ ( $\hat{F}^{*}(k)=\hat{F}$(-k)
) $(x_{1}, x_{2})=(\pi, \pi)$
( ( $\pi,$ $0$ ) )
$(\pi, \pi)$ ( $\theta_{\star}$ )
6 $(\pi, \pi)$
$(x_{1}, x_{2})$





(22) $(x_{1}, x_{2})=(\pi, \pi)$ (17) (18)
(21)
$\omega(\pi+iy_{1}, \pi+iy_{2})\equiv\omega_{\star}(y)$ $=$ $\sum_{n=0}^{\infty}\sum_{j=0}^{n+1}|$ kj$j$ ) $|$ 2 $\hat{F}_{n}(k5\mathrm{j}^{)})e^{-k_{n}^{(\mathrm{j})}\cdot y}e^{-i(j\pi+2(n+1-j)\pi)}$
$=$ $\sum_{n=0}^{\infty}\sum_{j=0}^{n+1}|$ k$n(j)|$ 2 $(-1)^{j}\hat{F}_{n}(k_{n}^{(j)})e^{-k_{n}^{(j)}\cdot y}$
$=$
$\sum_{k}|$
k $|^{2}(-1)^{k_{1}}\hat{F}(k)e^{-k\cdot y}$ (23)
(22) $x=(\pi, \pi)$
(23) $e^{y_{1}}$ $e^{y2}$ $|k|^{2}(-1)^{k_{1}}\hat{F}$ (k)





5: $F$ (x) $\omega(oe)=-\nabla^{2}F$ (x) (a) (b)
(c) $(x_{1}, x_{2})=(\pi, \pi)$ (d) $(x_{1}, x_{2})=(\pi_{j}\pi)$
$F$ (x , $x_{2}$ ) $=(\pi, \pi)$ $(y_{1}, y_{2})$
( $y_{1},$ $y_{2}$ ) $(y_{1}, y_{2})$ $\omega_{\star}(y)$





$\omega_{\star}(y_{1}, y2|)$ $\delta(\cos(\theta_{\star}-\pi), \sin(\theta_{\star}-\pi))$















6: $F$ (x) $\omega(x)=-\nabla^{2}F$ (x) $(x_{1}, x_{2})$ $(\pi, \pi)$
$(\mathrm{t}\mathrm{a}\mathrm{I}1\theta_{\star})$ $s=0$ $(\pi, \pi)$
(a) (1) $)$





7:( ) $(y_{1}, y_{2})$ $\omega_{\star}(y_{1}, y2)$ $(y_{1}, y_{2})=(0,0)$
$\delta=0.0065$ 30, 40, 50, . . . , 90, 100, 200 ( 100) (
) $(y_{1_{i}}y_{2})=(0,0)$ $\tan\theta_{\star}$ $\omega_{\star}(y_{1}, y2)$ (
) $(\delta-y)$ $y$ $\delta(\cos(\theta_{\star}-\pi), \sin(\theta_{\star}-\pi))$
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$|\hat{F}$ (k)| $\delta=0.0065$ $(y_{1}, y_{2})=(h_{1}, h2)$
{ $|\exp(-h_{1}k_{1}-h_{2}k2)\hat{F}$ ( k)| $\delta(h_{1}, h_{2})$
$(y_{1}, y_{2})$ $(h_{1}, h_{2})$ $\delta(h_{1}, h_{2})>0$
8
3.1 $\delta(\theta)$
\mbox{\boldmath $\delta$}( ( $\mathrm{Y}_{1}$ , Y2)
$\theta$
$\mathrm{Y}_{1}(\theta)$ $=$ $-\delta(\theta)\cos\theta+\delta’(\theta)\sin\theta$, $(24)$
$\mathrm{Y}_{2}(\theta)$ $=$ $-\delta(\theta)\sin\theta-\delta’(\theta)\cos\theta$ (25)
$k$ $y$
$k=k$ (cos $\theta,$ $\sin\theta$), $y=y$(cos $\phi,$ $\sin\phi$ ) $F$ (z)
$F(z)= \sum_{k}\hat{F}(k)e^{-k\cdot y}e^{ik\cdot ae}=\sum_{k}\hat{F}(k)\exp[-ky\cos(\theta-\phi)]e^{ik\cdot oe}$
(26)
$\hat{F}(k)\propto k^{-\alpha(\theta)}\exp(-\delta(\theta)k)$ (26)
$F(z) \simeq\sum k^{-\alpha(\theta)}\exp\{-[\delta(\theta)+y\cos(\theta-\phi)]k\}e^{ik\cdot x}$ (27)
$k,$ $\theta$
$y$ $\phi$ (27)
$\delta(\theta)+y\cos(\theta-\phi)>0$ for any $\theta$ (28)
(28)






(30) $\inf$ $\theta=\theta_{\star}$ $\inf$ $\theta$
$\delta(\theta_{\star})\sin(\theta_{\star}-\phi)+\delta’(\theta_{\star})\cos(\theta_{\star}-\phi)=0$ (31)
$\phi$ $\theta_{\star}$ (\phi =\mbox{\boldmath $\theta$}\star +Arctan[\mbox{\boldmath $\delta$}’(\mbox{\boldmath $\theta$}\star )/\mbox{\boldmath $\delta$}(\mbox{\boldmath $\theta$}\star )]+\pi ) $(\mathrm{Y}_{1}, \mathrm{Y}_{2})=$
$\mathrm{Y}_{\star}(\phi)(\cos\phi, \sin\phi)$ $\theta_{\star}$
$\theta$ $(24)_{\tau}$ (25)
9 $\delta(\theta)$ $(24)_{\text{ }}$ (25)
\mbox{\boldmath $\delta$}’( $y_{1}=2$





-6 -5 -4 -3 -2 -1 0 1 2 3
$y_{1}$
8:(y1, $y_{2}$ ) 305
$\delta=0.0065$
-6 -5 -4 -3 -2 -1 0 1 2 3
$y_{1}$
9: \mbox{\boldmath $\delta$}( $(24)_{\tau}$ (25)
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4
(4) $|$ $tarrow 0$ 2
$t=0$ $\delta(t)\propto\ln(1/t)$
(4) $tarrow 0$ $(y_{1}, y_{2})arrow(+\infty, +\infty)$
$F(z)/t$ $F$ (z)
$-\nabla^{2}F$
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